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CHAPTER I

INTRODUCTION

Background
The word hysteresis is derived from a Greek word meaning "to
lag 'behind".

As specifically applied to fluid flow around bodies

with transient angles of attack in and near the stall region, "aero
dynamic hysteresis" is used to describe the effect of delay in boundary
layer separation and reattachment upon the lift, drag and pitching
moment.

Experimental work done on airfoils by H. Studer showed that

for increasing angles of attack flow "separation

is delayed to an

angle of attack appreciably greater than that for a stationary airfoil.
On the return movement, re-establishment of a smooth flow is also
delayed."

[1]*

The result is that under transient conditions "more

than one value of flow coefficient (and thus lift, drag and pitching
moment) can be obtained for a single angle of attack. . ., depending
upon the direction in which the particular angle of attack is ap
proached." [2 ]
The effect of aerodynamic hysteresis is the basic cause of
stall flutter in lifting vanes and has been proposed to be the basic
effect involved in the phenomenon of galloping electrical transmission
lines.

The galloping of transmission lines is characterized by a low

frequency vibration (l - 5 cps) and large amplitudes (amplitudes of

^Number in square brackets refers to number of reference in
b ib lio g r a p h y .

2
2 0 - 25 feet in spans of 500 feet have "been observed) and most com
monly occurs during periods of glaze formation on the line

[3 ,^]*

Glaze formation results in a transmission line with an unsymmetrical
cross-section.

During wind storms the line therefore acts as a non-

lifting rane operating continuously in the stall region.

Under such

conditions aerodynamic hysteresis could very well exist and he the
predominant cause of the galloping.

Up to the present time however,

,no universal agreement has been reached on this point. A real need
exists for experimental data on the actual aerodynamic forces re
sulting from the hysteresis effect.

With data of this type, more

concrete conclusions could he reached concerning the exact role played
by the hysteresis effect in galloping transmission lines.
knowledge would pave

Such

the way to means of eliminating galloping, which

for many years has been a serious cause of outages of transmission lines
throughout certain parts of the United States.

Objectives
The objectives of this thesis were to (l) design and build a
force measuring system capable of measuring simultaneously the lift,
drag and pitching moment acting on a test model as it is oscillated
in an airstream, and (2 ) include in the design a recording and data
reduction system whereby the measurements can he automatically reduced
to produce curves of lift, drag and pitching moment versus angle of
attack without laborious hand data reduction and plotting.

This equip

ment will be used in the future for making many detailed studies of
aerodynamic hysteresis.

CHAPTER II

DESCRIPTION OF APPARATUS

The apparatus used in this thesis project can he broken down
into five main catagories:

(l) the wind tunnel, (2 ) the system for

oscillating the test model in the air stream, (3 ) the force measuring

(k) the recording and data reduction instrumentation and (5 )

system,

the test model..
The design of the wind tunnel, parts of the oscillating system
and the test model is discussed in detail by Tree [5].

However, some

description is in order here.

Wind Tunnel
The wind tunnel was designed to use a model

^k-26 1/2-1750 Joy

Axivane fan powered by a 50 horsepower electric motor.
The test section in the funnel is k5 l/2 inches wide by

2h inches

high and is located 82 inches from the intake of the tunnel.
The air velocity in the test section is determined by readings
taken from a simple water manometer.

Assuming no stagnation pressure

loss, the velocity can be calculated using the equation
a( y p >

\

(II-1 )

P

where
V

-

air velocity

PQ =

stagnation

P

static pressure of air stream

=

pressure

k
Pq-P

=

pressure difference as measured by the manometer

p

=

desnity of air.

The velocity of the air in the test section can be adjusted to
the desired values by use of a set of baffles and a by-pass opening
located between the fan and the test section.
A schematic drawing of the wind tunnel is shown in Figure 1.

Oscillating System
The oscillating system consisted of an electric motor, speed
reducer, mechanism for converting the output of the motor into a
sinusoidal oscillation of the test model , and supporting structures.The system was designed so that the torque necessary to oscillate
the test model was transmitted through the same members that are used
to sense the forces exerted on the test model.

This was necessary so

that the aerodynamic forces exerted on the test model would not be
restrained in any way by anything other than the force sensing ele
ments themselves.

A photograph of the test model turning unit in

place is shown in Figure 2.

The torque supplied by the electric motor is transmitted
through a mechanism not shown to the pulley (l)* to the shaft (2 )
to the plate (3^) through the blocks (V) to the plate

( 3) and finally

to the test model by the 0 .0 0 5 inch shim stock tension members (6 ^)
mounted on plate (5) as shown in Figure 3.

^Numbers in circles refer to the numbers on the photographs.

Baffles

SIDE VIEW
Fig. 1. - Schematic Drawing of Wind Tunnel

Fig. 2. - Test Model Turning Unit

ON

Fig. 3. - Shim Stock Tension Member Mechanism and Turning Plate
(before strain gages were attached)
-3

8
The test model is connected to the tension member mechanism
by the shaft (7 ) which is clamped in place by a collet

(&) .

The mechanism needed to convert the constant angular motion of
the motor to a sinusoidal motion and deliver it to the pulley (T) for
transmission to the test model was designed and calibrated by free [5]*
These calibrations show that the motion delivered to the pulley is very
close to true sinusoidal motion with a maximum deviation of six percent.

Force Measuring System
As the aerodynamic forces act on the test model, the twelve
(six on each end of the test model ) shim stock tension members are
stressed.

The resulting strain is then measured by strain gages

bonded to the tension members.
Kulite Semiconductor strain gages, type DB-102, manufactured
by the Kulite-Bytrex Corporation were used.

A special feature of

these gages is a high gage factor of approximately 102 as compared to
tiie usual gage factor of two for standard SR-4 strain gages.

This means

that for a given strain the Kulite gage will produce an output of
about fifty times that of an SR-U gage subjected to the same strain.
A fifty-fold increase in output is significant since it reduces the
amount of amplification needed and increases the signal to noise ratio
to fifty times that which would exist using the conventional SR-U gages.
The gages were bonded in place with Armstrong A-2 adhesive using
activator E.

After curing, the gages were moisture-proofed with a

coating of micro-crystalline wax, which not only seals out moisture
but also gives a certain amount of mechanical protection.

9

The shim stock tension, members are mounted on the turning plate
as is shown in Figure 3*

Each tension member was soldered into slots

in the end pieces ("9) . These end pieces are mounted in the brackets
(lO)

(2 )

(12) by means of a triangular pin inserted in circular

holes in the brackets and end pieces.

pin acts as a knife edge

One edge of each triangular

for the tension member to pivot on.

This

eliminates the possibility of uneven stressing of the tension members.
After installation of the strain gages the tension members were
mounted on the turning plate and prestressed to approximately 15*000
psi.

This was done to ensure that they would always be in tension

since they cannot support a compressive load.

(13) which when turned move the

done by means of adjusting bolts
brackets

(1 0 ) in or out.

The prestressing was

The first of each opposing tension member

pair was prestressed to 7*500 psi, then the second member was stressed
an additional 7*500 psi until both members of each opposing pair were
stressed to approximately 15*000 psi.

To determine when the desired

stress was reached* the change in resistance of the strain gage that
would be caused by the strain due to the stress was calculated from
the relation for the gage factor*

G.F.

a r /r

£

a r /r

ojE

=

(II-2)

solving for AR
AR

a
E

(II-3)

10

where
AR
€
G.F.

=

change in resistance
= strain
= gage factor

R

= unstrained resistance ofgage

E

= modulus of elasticity for steel

o = desired stress level
Using a Leeds and Northrup No.

bj60 Wheatstone bridge and a No. 2320-C

galvanometer, the resistance of the gage was monitored as the tension
was gradually stressed up to the desired level.

See Appendix B for

gage resistance values before and after prestressing.
Figure U shows a schematic drawing of the configuration of the
tension member - strain

gage force sensing system.

The numbers from

1 through 6 designate gage positions.
The forces exerted on the test model at an angle of attack

a

are then given by:
Lift - W

=

(AF5 - AF2) cos

a - (AF1 - AF3) sin a -

(AF6 - AF*0 sin a
Drag

=

(11-4)

(AF5 - AF2) sin

a + (AF1 - AF3) cos a +

(AF6 - AF4) cos

a

Pitching Moment =

(II-5)

(AF1 - AF3) L - (AF6 - AF4) L

(II-6 )

where AFi is the total change in load on both the tension members in
the i position (one on each end of the test model) due to the addition
of the aerodynamic forces onto the prestress load (i

=

The W in equation (II-3) is the weight of the test model.

1 ,2 ,3 ,^,5 , 6).
Thus, the

11

Fig.

- Schematic Drawing of Tension Member - Strain Gage Force
Sensing System Configuration
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vertical force measured is the actual aerodynamic lift minus the weight
of the test model if the balancing procedure recommended in Chapter III
is followed.
Recording and Data. Reduction Instrumentation
A recording and data reduction system was designed whereby the
measurements could be automatically reduced to produce curves of the
lift, drag and pitching moment versus angle of attack.

Automatic data

reduction capability will save much data reduction time on the work to
be done using this equipment.
Provision was made to measure simultaneously not only the aero
dynamic forces but also the angle of attack and the sine and cosine
of the angle of attack.

These measurements are then transmitted elec

tronically to the Coracor analog computer and the arithmetic operations
of equations (il-^), (lI-5) and (II-6 ) are performed by the computer.
The outputs of the computer are displayed on an oscilloscope as lift,
drag and pitching moment on the y-axis vs. angle of attack on the xaxis.

Time exposure photographs of the oscilloscope display as pro

duced over one cycle of oscillation supply the necessary curves with
out laborious hand data reduction.
Force Measuring Circuit
The twelve strain gages were wired into three four-arm bridge
circuits.

The gages were connected so that (AF1 - AF3) was the out

put of one bridge, (AF5 - AF2) was the output of the second bridge and
(AF6 - AF^) was the output of the third bridge.
The outputs of the bridges were amplified before transmission
to the computer in order to make any induced electrical noise a small
percentage of the signals reaching the computer.

13

A two channel Honeywell 130-2CC carrier amplifier was used to
amplify the output from the bridges measuring (API - AF3) and (AF6 AWk).

This amplifier system supplies a 5000 cps carrier voltage to

energize the bridges and also has the internal circuitry necessary to
balance the bridges in the zero load condition.

When the strain gages

in the bridge are strained the modulated 5000 cps carrier voltage is
fed to the amplifier portion of the system.

After amplification, the

carrier voltage is removed from the signal by a discriminator and
filter circuit.

The amplified signal is then transmitted to the

analog computer.
A Dana d-c amplifier, model 3^00, was used to amplify the signal
from the bridge measuring (AF5 - AF2).

Since this amplifier did not

supply the voltage source to energize the bridge nor the internal cir
cuitry necessary to balance the bridge at zero load, a separate unit
to do this had to be designed and built.

A 5.6 volt Mercury battery

was used to energize the bridge and additional fixed and variable
resistors were added to the bridge to facilitate balancing.

A gain of

1000 and a maximum output of 10 volts was possible with the Dana am
plifier.

During simultaneous operation of all three bridges, the bridge

connected to the Dana amplifier picked up 5000 cps noise from the car
rier voltage of the other bridges.

To eliminate this, a low pass R-C

filter was Inserted in the circuit between the amplifier and the trans
mission lines to the computer.
Circuit diagrams for the force measuring circuits are shown in
Figure 5.

In Figure 5* each gage is given a designation as S1W, S2W,

SHE, S2E, etc.

The number in the designation refers to the gage position

Honeywell
Amplifier
Channel 2

Fig. 5.— Force Measuring System Circuits
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on the turning unit (see Figure

k ). The last letter, either W or E,

designates the gage as being on the west or east turning unit as the
system is presently set up at the wind tunnel.

Sine, Cosine and Angle Measuring System
To measure the angle of attack, a 5000-ohm precision potentio
meter was mounted to the stand that supports shaft (?) in Figure 2.
The actuating shaft of the potentiometer was connected to shaft (?) by
means of a belt consisting of two sections of 0 .0 1 0 inch feeler gage
stock connected together by two tumbuckles used to adjust the ten
sion in the belt.
A surplus potentiometer was modified to measure the sine and
cosine of the angle of attack.

Of the four variable resistance

windings in the potentiometer, one winding had a sinusoidal variation
of resistance which could be modified for use.

Two movable slider

arms 90 degrees apart rode on this winding so that by grounding one
point of the winding and properly connecting the input voltages,
signals proportional to the sine and cosine of angles + 90 degrees
from the zero position could be obtained from the same winding.
Tie potentiometers represent voltage sources of high impedance.
The signal to noise ratio could be improved by decreasing the line
impedance.

A cathode follower for each output was built to convert

the high impedance source to a source of lower impedance.

The out

put signals of the potentiometers were therefore fed into the
cathode followers before transmission to the analog computer.
A circuit diagram for the angle, sine and cosine measuring
systems is shown in Figure 6 .

16
+15 Ov

Angle Measuring Circuit

Fig. 6.— Circuit Diagrams for the Angle, Sine and Cosine Measuring
Systems
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Data Reduction
The output signals from the amplifiers and cathode followers
were transmitted over approximately 100 feet of shielded #2323 Alpha
wire to the computer.

These transmission lines plus a line for an

intercom system were run from the wind tunnel directly up to about
fifteen feet above the floor of the research quonset, through a con
duit to the side of the quonset and out through another conduit to
the computer building.
Once in the computer building, the data channel lines were
patched into a patch board used for trunk lines and equipment exter
nal to the analog computer.

On this patch board the data channels

were patched into channels leading to the computer.
As stated previously, an analog computer is used to perform
the arithmetic operations of equations

( l l - k ) , (II-5), and (II-6 ).

To do this, a signal flow chart was made from which the patch board
computer program was wired up.

The signal flow chart is shown in

Figure 7.
Test Model
The test model is made of pine wood, weighs 3*5 pounds and
is Vf inches long with a semicircular cross-section 3 inches in
diameter.

See Figure 8 .

A D-shaped test model has been used in other studies of stall
flutter and galloping conductors [2],

Thus, the results of studies

using this equipment can be correlated easily with previous work if
the D-section is used.

This widespread use of the D-section stems

P150

Fig. 7. - Data Reduction Signal Flow Chart

A012

Fig. 8. - Test Model with Mounting Shafts Attached
H

v£>
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from the fact that when emersed in a flowing fluid the D-section can

he considered to he in the stall region at all times since flow se
paration and an eddying wake exist for all angles of attack.

Since

the hysteresis effect occurs in the stall region* this characteristic
of the D-section is important.

CHAPTER III

CALIBRATION AND TESTING

Before calibrations were made the two turning plate shafts were
lined up carefully in the vertical and horizontal directions in order
to eliminate undesirable forces on the tension members due to mis
alignment,,

To do this, a tightly stretched nylon cord and a measuring

rod with a machined spherical end were used.

In each direction, the

stretched cord was adjusted to be equi-distant from the outside ends
of the two shafts by measuring with the rod.

Then the inside ends of

the two shafts were adjusted by loosening the bearings holding them
in place and either shiming the bearings up or moving them sideways
until they were a rod's length from the string.

Several iterations

were required before both the outside and inside ends of the shafts
were aligned as closely as possible using this technique.
Any forces induced in the tension members by misalignment will
be induced equally in each member of a given tension member pair.

The

only way such forces could result in an output from the corresponding
bridge would be if the unstressed resistances and gage factors of the
two gages of the tension member pair were different.

The worst pos

sible case of mismatching with the gages used and a misalignment of
one degree at each end between shafts would give the same result as a
load of approximately 0.20 pounds.

Since it is desired to be able to

measure aerodynamic forces of this same magnitude, errors due to mis
alignment of as small as one degree are significant.
for precision alignment is obvious.

Thus, the need
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The forces exerted by the force sensing elements to oscillate
the test model described in this thesis have been calculated to be
less than 0 .0 0 2 pounds per gage assuming correct shaft alignment, an
oscillation frequency of 59*5 cycles per minute and an amplitude of
32 degrees.

Thus, with proper alignment, the forces due to oscillating

the test model are insignificant.

Calibration of Sine .-Cosine and Angle Potentiometers
The sine-cosine and angle potentiometers were calibrated in the
following manner:

(l) the pulley and test model were loosened from

the turning unit so that the sine-cosine and angle potentiometers
could be actuated simultaneously by manually rotating the turning plate;
(2 )

the voltages at positions + 90 degrees from the ground point were

adjusted to read + 10 volts respectively when taken directly from the
potentiometer windings;

(3 ) the output signals from the potentiometers

were transmitted through the cathode followers to the computer where
an x-y plotter was used to record the sine and cosine on the y-axis
versus the angle on the x-axis;

(k) the angles were set at -9 0 , 0 and

+90 degrees to obtain the maximum values of the signals reaching the
computer facility;

(p) the gain of each signal was then adjusted at the

computer to obtain a convenient scale on the x-y plotter;

(6 ) after

making the scale adjustments, the angle was smoothly varied from -9 0
degrees to +90 degrees and back to -90 degrees.
are shown in Figure 9.

The curves obtained

As can be seen from Figure 9, there was a small

amount of hysteresis in the cosine surve in the range 7 0 -9 0 degrees due
to hysteresis in the x-y plotter.

This is not an important factor,

however, since the range of testing will always be less than + 70 degrees
from zero.

23

The small circles on Figure 9 represent the true values of the
sine and cosine at various angles.

The agreement "between the calibra

tion curves and the true values is thus seen to be excellent.

The

maximum deviation from correct values is approximately five percent.

Calibration of Force Sensing Bridges
Two problems were encountered in balancing the strain gage bridges
with the test model in position.

The first problem was that the two

bridges connected into the Honeywell amplifier system could not be
balanced.

The range of the balance circuitry in the amplifier system

was not sufficient.

The resistance values of each gage in each bridge

was measured with the Leeds and Northrup Wheatstone bridge and galva
nometer previously used to monitor the prestress resistance.

Fixed

resistors were then added to the bridge arms where necessary to
bring the bridges more closely into balance.

With the bridges more

closely in balance it was then possible to perform the fine balance
adjustments with the amplifier balance system.
The second problem was zero shift due to resistance changes in
duced in the strain gages by slight drafts of air passing over the
gages and by changes in temperature. The wind tunnel and other
equipment is located in a large quonset in which the temperature and
air currents are at present uncontrolled.

To reduce the wind effects

the gages were shielded by cardboard shields mounted on the turning
unit so as to completely enclose the gages, tension members and mounting
brackets.

The remaining holes necessary for lead wire access were

filled with cotton so that the lead wires could move freely as neces
sary during oscillation of the test section but the wind currents

Sine

2k

Fig. 9» - Sine and Cosine Calibration Curves
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would still be kept from the gages.

Since the temperature could not

be controlled, the only thing possible to reduce the thermal effects
was to operate during periods of greatest temperature stability.

The

zero shift was thus reduced to an acceptable level.
Once the bridges were balanced each bridge was calibrated by
hanging known weights of one, two, three, four and five pounds from the
center of the test model and observing the zero readings and the out
puts under load from a digital voltmeter at the computer.

Bridge (AF5 -

AF2) was balanced and calibrated with the turning unit at an angle of
attack of zero degrees whereas bridges (AF1 - AF3) and (AF6 - AFh) were
balanced with the turning unit at an angle of + 90 degrees.
The calibrations curves obtained are independent of the posi
tions in which the bridges are balanced and calibrated.

However, when

taking data, the following balancing procedure is recommended:

(l) ba

lance bridges (AF1 - AF3) and (AF6 - AFh) in the zero degree position,
(2) balance bridge (AF5 - AF2) in the ninety degree position.

This

procedure is recommended so that the effect of the weight of the test
model will be eliminated during testing except as shown in equation (lI~V).
The result is that the vertical force measured is the actual aerodynamic
lift minus the weight of the test model.

This can easily be accounted

for when interpreting the data obtained.
The calibration procedure had to be followed several times on
each bridge in order that the amplifier gains could be successively
adjusted down to prevent saturation of the amplifiers. When outputs
from the amplifiers were obtained which were large enough to be
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acceptable but not so large as to saturate the amplifiers, the final
calibrations were made.

These calibrations are presented in Figure 10

as plots of output voltages versus load.

As can be seen from Figure 10,

the calibrations are linear in the ranges shown.

The loads shown for

bridges (&F1 - AF3 ) and (AF6 - AF4) are one-half the actual load applied
to the test model since each of these two bridges supports one-half the
load in the calibration position.

Testing
Preliminary testing to check out the entire measuring and re
cording system was not accomplished.

A breakdown of the Donner function

multipliers in the analog computer facility occurred just as these
preliminary tests were to be made.

The breakdown was of such magnitude

that the estimated time necessary to get the computer facility opera
tional again prohibited performance of the desired tests within the
time available.
Even though actual measurements of the lift, drag and pitching
moment were not made,sufficient data was obtained in the set up and
testing of the data acquisition system to prove the feasibility of the
system.

It is left for future investigations to utilize this equip

ment to make actual measurements

27

Load (pounds)
Fig. 10.-

Calibration Curves for Force Measuring Bridges

CHAPTER IV
RECOMMENDATIONS AND CONCLUSIONS

Rec ommendations
Before final data runs are made, it is recommended that pre
liminary tests during oscillation "but without air flow be performed to
determine the extent of the forces exerted on the force sensing ele
ments due to the inertia of the oscillating test model and possible
misalignment of the turning unit shafts and test model mounting shafts.
If these forces appear to be significant, accurate optical alignment
methods may have to be used in addition to more careful alignment of the
the mounting shafts on the test model in order to reduce the no air
flow load to a minimum.
Some means of controlling the temperature in the test area of
the quonset would be highly desirable because of the high sensitivity
of the gage resistance and gage factor to changes in temperature and
because of differential expansion of the gages and the steel tension
members due to temperature changes.
It is also recommended that the resistance of each gage be
checked periodically for significant changes from the prestress levels.

Conclusions
The following conclusions can be reached from the studies of
this thesis:

(l) the force sensing system will adequately and linearly

measure forces in the range of calibration.

This range can be extended

if necessary by lowering the gain on the amplifiers to avoid saturation.
(2)

The angle and sine-cosine measuring systems will accurately
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produce signals proportional to the angle of attack and sine and co
sine of the angle of attack.

(3)

The signals from the force measuring

system and the angle and sine-cbsine measuring systems can be trans
mitted without excessive induced electrical noise (less than 20 milli
volts peak to peak) to the analog computer facility.

(*)■) The equip

ment can also be used for steady state testing.

The system is

(5)

easily adaptable to testing other test models than the one described
herein.

All that is necessary is that other models have the same

type mounting shafts and are light enough not to overload the force
measuring system.

(6)

The equipment as designed, used with good ex

perimental procedure, should produce much valuable data on aerodynamic
hysteresis.
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APPENDICES

APPENDIX A

LOAD CAPACITY OF THE FORCE MEASURING- SYSTEM

The cross-sectional area of each tension member is 0.00125 inches
(0.005 inches thick by 0.25 inches wide).

Prestressing to 15*000 psi

is then equivalent to loading each member with a load of 1 8 .7 5 pounds.
Therefore, care must be taken to ensure that the forces to be measured
are of such magnitude that they would cause no more than approximately
a 37*5 pound load on any one tension member pair.

An even safer maximum

would be 3 0 .0 pounds to allow for variations from the initial prestress
load.

This would ensure that one member of the pair would not be com

pletely unloaded and go into buckling.
Using a yield strength for steel of 35*000 psi, the load at the
yield point would be ^3.^-7 pounds.
of 0 .0 0 1 1 6 7 inches per inch.

This corresponds to a strain level

The maximum allowable strain of the strain

gages is 0.003500 inches per inch.

Thus, stressing to the yield point

of the steel is still well within the capabilities of the strain gages.
The strength of the tension members is therefore the limiting factor as
far as load capability is concerned.
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APPENDIX B

RESISTANCE VALUES OF THE STRAIN GAGES

TABLE 1
RESISTANCE OF THE INSTALLED GAGES BEFORE ERESTRESSING

Gage

Resistance
Ohms

Gage

Resistance
Ohms

S1W

111.9

S1E

112.1

S2W

1 1 6 .0

S2E

110.5

S3W

112. 4

S3E

111.2

s4w

114.1

s 4e

110.3

S5W

111.1

S5E

115.5

s6w

112.0

S6E

1 1 6 .6

TABLE 2
RESISTANCE OF THE INSTALLED GAGES AFTER PRESTRESSING

Gage

Resistance
Ohms

Gage

Resistance
Ohms

S1W

1 1 8 .0

S1E

1 1 8 .0

S2W

121.9

S2E

1 1 6 .2

S3W

117.9

S3E

117.2

s4w

119.3

s 4e

115.8

S5W

116.7

S5E

120.8

s6w

117.4

s 6e

120.2
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ABSTRACT

A force measuring system was built to measure the aerodynamic
forces exerted on a test model oscillating in an air stream.
A system was also designed and built to measure simultaneously
the angle of attack and the sine and cosine of the angle of attack
of the test model.
Incorporated into the total measurement system is a real
time data reduction system.

The output signals from the force measuring

system and the angle and sine-cosine measuring systems are transmitted
to an analog computer facility where the arithmetic operations neces
sary to reduce the data are performed.

The curves of lift, drag and

pitching moment versus angle of attack are displayed on an oscillo
scope screeen for photographing.
This equipment will be used in fundamental studies of aero
dynamic hysteresis.
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